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person or corporation, or conveying any rights or permission to manufac-
ture, use, or sell any patented invention that may in any way be related
thereto.

This report has been reviewed by the Information Office (I10) and is
releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public, including foreign nations.
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total AMST mission if provided with adequate state of the art crew system
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The report is presented in two volumes. Volume ! describes the TAWS
program and presents the results.
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TAWS evaluation,
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FOREWORD

This report documents the Total Aircrew Workload Study which addresses
the {ssues of minimum crew complement and crew system capabilities required
for the accornlishment of the tactical transport mission with an Advanced
- Medium STOL Transport (AMST) atrcraft. The study was performed with ope:-

ational (C-130) aircrews in a total mission simulation environment.

This document is Volume 1i of two volumes. The navigation and commu-
nication systems described herein represent candidate capabilities that
were presenied to subject aircrews for evaluation during the Total Aircrew
Horkload Study. 1t should be recoqnized, however, that the conclusions
drawn on the aircrew complement for the cargo compartment and flight deck
were based on equipment being flown in aircraft such as the C-130 and C-141
during the period this study was accomplished. New equipments, preferred
inteqration techniques, advancements in technology or a change in mission
requirements could aiter the findings of this study. The composite results
of the study are presented in Volume 1. ’ s

Vi reampee
-

York was conducted under Project b\ﬂo, "CPdtTO] -Display for Air Force
Afrcraft and Aerospace Vehicles" which is manuged by the Crew Systems Inte-
gration Branchy mission simulation was syntresized by the Control Synthesis
Branch, Flight Control Division, Air Force Flight Dynamics Laboratory (AFFDL/
FGR), Wright-Patterson ArB, Ohio.

The report was prepared in part by the off-site Human Factors Group,
Tocated at 4130 Linden Avenue, Davton, Ohio, Electronic Systems Division,
Bunker Ramo Corporation, Westlake Village, California, under USAF Contract
No. F33615-78C-3614,

The authors wish to acknowledqge che invaluable contribution of: the
AFFDL Flight Engineering Group effort headed by Captain D, Hart and Ms, K.
Adams with enqgineering support from M, D, Lair, Capt. W. Cashman and Mr.
S. Finchy the systems engineering desiqn and fabrication efforts of M, T,
Molnar and Mr, J. Kozina; the Lear Sieqler simulation maintenance support
headed by Mr. J. Bean: the EAl computer systems support; and the admini-
strative support of Ms. S. Dickey,

The research effort documented herein was performed between Harch 1076
and November 1977, —
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SECTION I
NAVIGATION MANAGEMENT SYSTEM

A. General

The navi?ation management system (sometimes referred to as area nav
or RNAV) provides precise navigation information woridwide, with and with-
out external navigation aids. Additionally, it provides the capability
for. airway navigation. nonprecision approaches and precision approaches.
The basis for the system is an inertial navigation system (INS) which is
updated by all installed navigation sensors ?VOR. ILS, TACAN, ADF, VLF/

- OMEGA) through a Kalman filter. Unreaconable or erroneous information

"~ {s automatically filtered out and only the most accurate information is
used for updating. - If desired, navigation information may be obtained
directly from any individual sensor.

Components of the system include: 1) the navigat1on management Lom-'
puter, through which all information is fed, 2) a memory. system which.- -
stores prerecorded and currently entered 1nformat1on (nav aids identifiers
and locations, air field locations, etc.), 3) the Kalman filter described.

above and 4) the control/display unit (CDU) whi(h 1nterfaces the pi]ot
with the nav system (Figure 1). , \

T voR/ILS | . T

R TROAR Y =

S 7 | o
ADF ‘ L

A

VLF/OMEGA {. K

Figure 1. Nav Management System
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B. CDU

t The COU or pilot/aircraft {aterface unit is comprised of an alpha-

3 ‘ numeric keyboard, a cathode ray tube (CRT) display (including a scratch

3 pad), page slew, line select and several specific function keys (Figure 2).

C. Operation of the CDU

: ', CDU Pages. One of several different informational formats
b [pages) can be displayed by precsing the specific function keys on the
keyboard; i.e., Air Drop, Flight Plan, Flight Progress, Present Position
;- and Navigation Aids. The Waypoint Data Page and Nav Aids Data Page may

be displayed by first displaying "Flight Plan" or "Nav Aids" then pressing

, the line key adjacent tc the desired waypoint. Each page has a specific
3 function which is discussed in greater detail later. The purpose of the
pages are (Figure 2):

a. Flight Plan Page. Displays the sequential list of lat-
g eral and vertical waypoints that define the aircraft route.

b. Waypoint Data Page.

Displays waypoint data relevant to
the presently selected fiight pian.

c. Present Position Page. Displays aircraft present lat-
eral performance data and navigation aid stations in use.

! d. Progress Page. Displays progress data based on "TO"
%, waypoint.

e. NMavigation Aids Page.

Displays all prestored navigation
aids, airfieids arvanged alphabeticaliy.

f. Navigation Aids Data Page. Displays all prestored infor-
mation concerning selected na nav1qatlon aids.

g. Emergency Data Page. Displays communications frequencies
and nevigation waypoints, which liave been entered into the navigation
manaqement system to be used in the event of an aircraft emeragency.

h. Air Drop Page. Displays information necessary to accom-

pligh an air drop procedure using the nav management system and zone
mavker,

2. Typing tle Deta. Entering or changing informaiion in the
svstem or on a paga 15 accomplished by 1) selecting the appropriate page,
2) typing the information on the keybocard (message is uisp]ayed on the
scratch pad) and 3) inserting tne inrormation by pressing the line key
adjacent to the line on the (DU where the information is reqalved Thig
action clears the scratch pad and inserts the information in the necessary
position. The cscratch pad may also be cleared by pressing the “clear"

key. Pressing the "clear" key once removes the last letter or digit.
Pretsing it a second time clears the entire zcratch pad.
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NAV A1DS NAV AID DATA
EDAF Ic HAM
ENO PSN N521140£101223
FEM FREQ 1131
Fe@ CHAN 78
" HAM ELEV 53
*FLT PLAN NAYPOINT DATA
COURSE 1DENT ALT AWPT LLOI N535700 E103220
EDAF 368 DIST ™ ETA
280 Lol 2000 50. 1 10:35  1229:45
&S GHT
062 80O FLS0 PSN FROM: LLOV 100/50.1
351 HAM FL100
PRESENT POSITION o JhocRess
COURSE  WAYPOIN LT
N522000 E082257 0FT COR oy Ha 00
COURSE *GMT oFt COR
280 1219:10
s DTW TTW
03 50. 1 10:15
YV CMD
NIND
228/42 +1200
®
*IDENT BDG/DIST TO: Josr CM
HAM 357/128
*AIR DROP | *EMERGENCY DATA
TEMp 1 i UNE 2 243 0
RATE OF FALL +28 VHF 121 5
PIP ALT 500 HE 1 8364
VERT DIST 1500 HF 2 8364
FALL TM CNST 14.4 EM a0 5

Figure 3.

Nav Management (DU Pages
4

g TR T T TOLE A TR AT
PR TR TR T PRI RATT T AR




T T TP e ere - g T e sy i e al e

£ 3. Slewing the Display. It may be necessary to slew the page
L forward or back since only five lines of data can be displayed at one

1 . . time on the CRT. This can by accomplished by pressing the "up” or

E "down" slew button near the adjacent line keys.

4. Defining the Waypoint (Formagl Naypoints may be defined
in several ways. They must be typed in the proper format in order for
the nav management system to accept them.

SR o R
R T R e A R e e A

r a. Latitude/Lonaitude. Identified as LLO1, LLOZ. etc.
: Format - N402210/£072509/8000. Minutes and seconds must be typed as
four characters. NOTE: 8000 signifies flight planned altitude and
3 is a required entry since waypoints are three-dimensional points.

b. Bearing/Distance From a Prestored Nav Aid. Identified
as BU0O1, BDO2, etc. Format - FFO/110/30.2/5000.

¢. Bearing/Bearing rrom Two Prestored Nav Aids. Identified
as BBOl, BB02, etc. Format - FF0/090/RSD/180/FLZ50 (FL250 symbolizes
25000 feet, FL80 would symbolize 8000 feet, etc.)

3 d. Prestored Nav Aid Station. Placed in memory as a
3 Lat/Long and identified as a three-letter symbol; e.g., FFO, IND.
3 Format - FF0/2200.

e. Route Intersect\on Placed in memory as a Lat/Long,
Bearing/Disvance or Bearing/Bearing and identified as a combination
of three alphanumerics (5EG. 3NI) or up to a five-letter name or ID
(BERRY, NILES). Format - NILES/6000, (Prestored Data)

i 5. Asteriskad Titles. An asterisk designates an item which ﬁ
; may be changed through the keyboard. An asterisk next to a page title
indicates that all items on that page may be chanyed through a key-
board.




D. Description of Pages

1. Flight Plan Page

|
B
i
E
g *FLT PLAN
3
; COURSE 1DENT ALT
LLOY 8000
i 330 BOO1 €000
; 050 BBO1 7500
& 125 IND 14000
] 175 LLO2 FL190
R
3 Scratch Pad H
4

Figure 4. Flight Plan Page

FLT
when|PLAN ] is pressed on keyboard, the above page (format) appears. The
3 page actually may show only the title line or it may be full or partially
: full from previously stored data. The "course" column is not typed in
1 -4t is automatically determined and entered by the computer, For example:
3 the course from LLO1 to BDOl is 330°. The "from" waypoint is identified
by a blank course as shown in the top line of the example. If the "from"
waypoint does not appear when flight plan page is selected, the [ ¢ l
down slew key is depressed until the "from" waypoint appears, i.e. LLOl
is the “from" waypoint in Figure 4. The waypoint following the “from"
:aypoint is always the "to" waypoint, i.e. BDOl is the "to" waypoint in

igure 4,

it

T Y

The first waypoint identified as a latitude/longitude position
(N 43°12'10"/€ 10°15'39") is designated by the computer as LLOl, the
second LLO2, etc. After the flight plan has been built, if an addi-
tional Lat/Long waypoint is injected between two others, the new way-
point is designated according to when it was typed, not according to
where it is placed in the flight plan. For example: a flight plan
which contains 9 Lat/Long waypoints, LLO1 through LLO9, is entered on 1
the flight plan page. An additional Lat/Long waypoint is required ‘
between LLO2 and LLO3. 1Its coordinates (N. _ /E ) are typed on \
the scratch pad. When the line key adjacent to LLJ3 is pressed: 1)
LLO3 moves down one space, 2) the new waypoint (designated as LL10)
is inserted between LL0O2 and LLO3, 3) the coordinates disappear from
the scratch pad. The flight plan then reads LLOl, LLO2, LL0, LLO3, etc.

6
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The flight p’.n altitude must also be entered. To make a com-
plete entry on the i ght plan page you would type on the scratch pad
N431210/E101539/8000 and insert it by pressing the appropriate 1ine key.
To change any part of scratch pad entry, press[:EIEEES and retype. To
change any part of a flight plan after it has been enfered 1) type
minus (-) on the scratch pad, 2) press the 1ine key adjacent to incor-
rect entry (entry will be erased), 3) type new information on scratch
pad and 4) press adjacent line key to enter in the appropriate position.
The altitude of any waypoint may be changed by typing the desired alti-
tude on the scratch pad preceded by a slash (i.e.,/5000) and enter on
line key adjacent to desired altitude change.

2. MWaypoint Data Page. To display information held in memory
by the nav management system for any waypointi:

FLT
a. Select the flight plan page by pressing | PLAN

b. Press the line key adjacent to the waypoint for which
the information is desired. This brings up the Waypoint Data Page and
displays all information contained in the system for that waypoint.

An example is shown below.

WAYPOINT DATA

*WPT BDO1 FFO 097/27.3
N402219 W752933

DIST TTW ETA
28.5 2:30 1221:40
GS GMT
245 1219:10

PSN FROM: BDO1 267/20.4

o . T O o P e D W e e D D S e A G R e T G S . S

Scratch Pad

Figure 5. Waypoint Data Page

1st 1'..e - waypoint identifier and data that defines selected waypoint.
Wher cthe selected waypoint is a BB or a BD, its Lat/Long is also dis-
played. 2nd line - distance, time (TTW) and estimated time of arrival
(ETA) to the selected waypoint (computed along the route if the way-
point is .in the flight plan, or direct if not?. 3rd 1ine - groundspeed




and Greenwich mean time, Time must be entered with four digits--two for
hours and. two for minutes (0200, etc.). 4th line - bearing and distance
to selected waypeint,

To erase flight pian information from memory:

(1) Select waypoint data page as described above.

, (2) To erase flight plan waypoint displayed on way-
point data page, type minus (-) sign on scratch pad and enter on first
line key. A series of "? ? " will appear in place of waypoint.

(3} Any other flight plan waypoint in memory may be
erased by typing the waypoint identifier (i.e., LLO1} on the scratch
pad, enter on top line key, then erase that entry by typing a minus
(-) on the scratch pad and enter on top line key.

(4) The above procedure allows the piiot to reuse the
waypoint identifier (i.e. LLOV) as a different location,

3. Present Position Page

PRESENT POSITION
NA22810 WO72613

TRACK DFT COR

233 R11

GS AGMT

245 1219:10
WIND

228/42

*IDENT BRG/DIST TO:
HAM 357/128

o . e BT e e LA e en v Am Av 4m e an e W M e e ek A e MR e G S VR MR e e R R o e e e e

Scratch Pad

Figure 6. Present Position Page

When PPSN is pressed on the keyboard, the above page appears. [t dis-
plays present lat/long coordinates, ground tracksaircraft drift cor-
rection angle (difference between magnetic ground track and magnetic
heading), groundspeed, time and wind, The present position relative
to any position with a three or four-letter identifier held in memory
(displayed on the Nav Aids Page) may be obtained by typing the three
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or feur-letter identifier on the scratch pad and pressing the line key
adjacent to "ID". The identifier and BRG/DIST to the point will then

be displayed,

4. Progress Page

POGRESS

COURSE WAYPOINT ALT
187 NILE FL.240

DFT COR
LIO

DTW TiW
53,2 10:15 {

*VV CMD
+2000

*ALT CMD
16000

------------------------------------------------- v ar iy e om oo

Scrateh Pad

Figure 7. Prog ess Paye

When | PROG | is pressed on the keyboard, the above page appears. the
first Tine indicates a sclected course of 187 to NILE where flight
level 240 is desired. The second line indicates the atrcraft deift
correction angle (difference between magnetic track and magnetic
heading). The third line indicates distance and time from present
position to NILE . The fourth Yine and fifth line are used to command
a vertical velocity to a specific altitude, To command vertical velo-
city (e.q., £ 2000 ft./win.) is typed inta the scratch pad and fnserted
adjacent to "VV". The altitude to which the vertical vate is desived
(e.g.y 16,000 ft.) s then typed into the scratch pad and insertod
adjacent to "ALT". When the aivcraft veaches the comanded altitude
(e.g9., 16,000) level flight is commanded until that altitude {s deleted
by typing and inserting a minus (-). After the altitude has been
deleted, vertical steering commands direct the airevaft back to the
preprogrammed vertical profile (e.q., original proavamed vertical

path to FL.240).
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5 5. Navigation Aids Page
g
3 NAV AIDS
¢ rov
[ N
- FFM
FsB
£ /
4 HAM
] Scratch Pad
1‘ Figure 8. Nav Aids Page
.
] NAV 1
1 When LAIDS] is pressed on the keyboard, the above page appears. It
displays in the following order an alphabetical listing of all naviga-
tion aids (three-letter identifiers), airfields (four-letter identifiers)
and route intersections (three or four-letter identifiers) held in memory

in the navigation management system. Each of these aids has been defined
with lat/long coordinates. Any of these prestored points may be used
when building a flight plan by typing three or four symbol identifier on
the scratch pad and inserting it in the desired position by pressing the
appropriate adjacent line key.

To display prestored information on any listed nav aid, press
Tine key adjacent to the desired nav aid. The following format will be

displayed.

10
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NAV AID DATA

1D HAM
PSN NE34114 £101223
FREQ 13.1

CHAN 78

ELEY 53

Scratch qu

Figure 9. Nav Aid Data Page

e~

6. FEmergency Data Page
*ENERGUNCY DATA
PHS 1 109 7
RMI 1 BOOT
cHS 1 109 7
RMI 2 FFO
UHF | 243 00

Mo e W A e s e B e e e e R R R e A R e O W R M e M L ee e s M e e W v e ma e s B W M e &

scrateh fad

e

- W

Figure i},  Emergency Data

Eﬁﬁq
Nhen[j;;TA,is pressed on the keyboard, the above page appears ({ive Vines

at one time - remainder by slewing).

The information which appears on

this page can be transferred to the respective "standby" windows on the

1

o g g
it of"

e
e N o

]
|
5




LT R . - ey

integrated comm/nav panel by pressing the "emergency" button on the knob
tuning panel. The comnunication frequencies normally remain unchanged
for worldwide application; however, the navigation waypoints will nor-
mally be changed from flight to flight. The crew will determine which
navigation aids or waypoints will be most advantageous to recall imme-
diately during that particular flight. Those will be identified on the
scratch pad and inserted by pressing the appropriate adjacent line key.
For example: If the ILS for the departure station is desirable as an
aid in the event of a takeoff emergency, the I1L.S frequency, 109.7, would
be inserted adjacent to the PHSI. the final approach fix, BDO1 (FFO 052/
6.2) would be inserted adjacent to the single bar needle, RMI 1 (*), and
the same or different identifiers might be inserted adjacent to the CHSI
and double bar needle, RMT 2 {(}).

7. Air Drop Page. Air drop data is placed into the system by
typing the necessary information on the air drop page on the nav manage-
ment CDU. The format and information required for the air drop page is
shown below. (Five data lines are on the CDU at any one time; the
remainder available by slewing.) The items in the left column are pre-
programmed; the right column must be typed and entered. After all air
drop data has been entered on the air drop page, it _is,entered into the
appropriate place in the flight plan by selecting [PER], typing “IP" on
the scratch pad and entering the "IP" into the flight plan using the

- same procedure as is used to insert intermediate waypoints (described

eariier under Flight Plan Page).

- s W S A . A SR e e S A e e M AR M R T M WA B - S AR e SR SR SR MR W e v S e 40 B R 0 PR e M W W R e

Scratch Pad

BEFINE 1P: *AIR DROP N520639 E104308 FLI0O |
DEFINE PIP: N521021 E105347 FL100
DEFINT TE: N522490 E105350 FL100
DEFINE PAW: N521030 E105400 FL100
DZ ALT SET: 29.92

TEMP: -1

RATE OF FALL: +28

PIP ALT: 500

VERT DIST: 9500

TIME OF FALL CONSTANT: 14.4

MEW SPEED: 215

MEW ANGLE: +28

FWD TRAVEL TIME: 6.1

7M ATRK DIST: -290

ZM XTRK DIST: 215

M ALT: 515

Figure 11. Air Drop Page
12
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When "IP" is inserted into the flight plan, the flight plan page will
autoratically display the first four waypoints that were entered on
the Air Drop Page as shown below:

*FLT PLAN
COURSE IDENT ALT
LLO3 6000
059 IpP 2000
065 PIP 2000
065 TE 2000
065 PAW 2000

- W R W R P N M M G D e A Ty T W D D e YW ey e R L G e P e SR R W RS A e G oS S e G

Scratch Pad

Figure 12. Flight Plan Page With Air Drop

When planning an Air Drop, the initial point (IP), point of impact (PIP),

trailing edge of the drop zone (TE) and post airdrop waypoint (PAW) are
all points on a straight line aiong which the aircraft will fly to com-

plete the drop. The PAW is, by definition, located ? NM beyond the PIP.

This allows the aircraft to continue on course for approximately two
minutes after it arrives at the drop zone. In addition to providing a
steady track for the individual airdrop, it also allows other aircraft
in a SKE formation to complete their drop.

Freezing the Flight Plan. When the aircraft gets within two
miles of the "to" waypoint on the flight plan page, the navigation
management system automatically changes to the succeeding waypoint.

At that time, the flight director commands a turn to intercept the

new course and, if the lateral mode has been selected on the autopilct,
the aircraft starts to turn on course. Occasionally it is desirable
that the flight plan does not automatically update to the succeeding
waypoint (e.g., if it is desired to track outbound from a waypoint or
if it is desired to receive distance and time countdown information
closer than two miles inbound to a waypoint such as the computed aerial
release point, CARP). The flight plan can be prevented from auto-
matically updating to the succeeding waypoint by either of two methods:
(1) pressing the Flight Plan Freeze key (F2) on the keyboard will pre-
vent automatic updating of the flight plan and pilot's HSI data until
it is pressed a second time and, (2) changing the "TO" waypoint in the
flight plan to be different from the waypoint being displayed in the
pilot's HSI control. Whenever the two entries disagree, automatic
updating will not take place. After using eithzr of the above methods,

13
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the "TO" waypoint ana pilot's HSI waypoint must be nade to agree (be the
same) before automatic updating will begin.

E. Preflight Procedure

The alignment procedure should be accomplished as soon as possible
after power is applied to the aircraft to permit stabilization of the
system prior to taxiing, After the system is placed in the "on" position:

1) Press [_PPSN | - check present position lat/long indicated on the
CDU against actual aircraft present position. If not correct, type correct

lat/long on scratch pad ana press line key adjacent to "PPSN" to insert.

NOTE: GS, wind, track and drift will display dash marks when aircraft is
on the ground.

2) Type correct time at the next minute on the scratch pad. On the

minute, press the line key adjacent to "GMT" to insert the time and start
the digital timer,

FLT
3) Press | PLAN | to select Flight Plan Page.

4) Type the present position identification and field elevation on
the scratch pad.

5) Press top line key for insertion.

6) Type the first waypoint identification and desired altitude on
the scratch pad and press second line key for insertion.

7) Repeat identification and insertion until all enroute waypoints

and the destination are inserted. This completes a non-airdrop flight
plan,

To set up a flight plan which includes an air drop mission, continue
with the following procedures:

8) Select air drop page (key) - titles of required air drop informa-
tion will apprar along the left side of the CRT. For example: "Define ,
[P" appears on first line, "Define PIP" on second line, etc. 1

9) Type data required for each title (one line at a time) on the
scratch pad.

10) Press adjacent line key for insertion.

11) Repeat steps (9) and (10) until all air drop information has been
inserted.

12) Sel:. ¢ Flight Plan Page (key) - prepared flight plan will appear.
13) Type "“IP" on scratch pad.
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11) Press line key adjacent to the waypoint which follows location
of the drop zone.

Waypoints IP, PIP, TE and PAW are all automaticaily inserted into
the flight plan page at that point. For example: the initial point and
drop zone are located between waypoints identified 2¢ LLO3 and BDO?.
When the line key adjacent to BD02 is pressed, the four air drop waypoints
will be inserted so that the Flight Plan Page will read LLO3, IP, PIP, TE,
PAW, BD02 (Figure 12).

The courses from LLO3 to IP to PIP to TZ to PAW to BNO2 and the times
enroute between those waypoints are automatically computed by the naviga-
tion computer. Course information appears on the Flight Plan Page. Time
to waypoint information appears on the Progress Page., While enroute. the
identification of the next waypoint appearing on the PHS1 and CHSl along
with the distance and time to go constantly based on present position

and present groundspeed, appears on the digital readouts above the respec-
tive HSIs.

Change or update of any information on the Air Drop Page {including
complete reidentification of a new drop zone) is made by typing the new
information on the scratch pad and inserting it in the appropriate posi-
tion with the adjacent line key. Fov programming purposes, all 16 entries
on the Air Drop Page must be typed and inserted before the information can
be inserted into the Flight Planning Page.

This completes an airdrop flight plan. The flight plan is activated
(placed in the automatic modeg. which connects the nav management system
to the sensor systems and flight instruments by:

1) Select Flight Plan Page
2) Type identifier for the "T0" waypoint on the scratch pad.

3) Press the PHSI window switch on the integrated comm/nav panel.
The initial waypoint will appear on the PHSI window, nav guidance will
be displayed on the pilot's HSI, and the flight plan will automatically
update when crossing succeeding waypoints.

15
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SECTICN 11
INTEGRATED COMHMUNICATION/NAVIGATION CONTROL/DISPLAY UNIT

A. General Sys:.em Description

Tiie integrated COMM/NAV unit functionally interfaces with the navi-
%leon _nanagement system (hereafter referred to as PNAV for simplicity),
Tight instruments, and flight data readuuts, The cockpit displays
include digital readouts of significant fiight parcieters, HSI and RMI

waypoint and/or navigation aid data, and displays show1ng selected navi-
gation waypoints.

The COMM/NAY control/display unit is the main element of the inte-
grated system and is shown in Figure 13. The COMM control panel accom-
modates two UHF radios, one VHF radio, two HF radios and one FM radio.
The NAV control panel accommodates four RNAV waypoints identified from
a combination of sensors (i.e., INS, VLF-OMEGA, two VHF NAVs, TACAN
and ADF). Radio modules can be added or subtracted as needed. The
integrated COMM/NAV control parel has the recciver audio selector
switches immeaiately adjacent tn the respective radios for convenience,

Dispiay readouts »n the left side of the COMM/NAV control display
panels show "activa" COMM radio frequencies and NAV waypoints. Readouts
on the right side of tie panels show "standby" data. Pata can be entered

into either the active or the standby display windows and transferred
between them as required.

Controls for the dedicated functions of UHF and FM direction {ind-

ing, manual squelch, and HF radio are grouped on one vanel for ease of
use,

Rotary suitches t~ select tae specivic conmunications transmitter
are provided for each dilot.

The manual tuning function for all COMM and NAV digital inputs is
performed through dual concentric tuning knebe connected to the central
navigation computer or microprocessors to process the logic for tuning.
The syctem is used in conjunction with a nav1gat1on management (RNAV)
system and a standard compleiient of individual navigation radios.
Input/ocutout can be previded by the RNAV CDU, the dual concentric tuning
knobs, or both. The combination system using botn means of entry is
recommended for mo:t applications becausc of RNAV system provides the
ability to operate on alphanumeric waypoints in addition to digital-
only fiequencies,

16
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Fig.13 Integrated Comm/NavCDU
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Identification of Comnonents Shown in Figure 13

Active Communication Control/Display N v

Standby Communication Control/Display W/ /

Comn and Nav Active/Standby Transfer Switches

Receive/Audio Selector Switches - Pilot's Comm

Receive/Audic Seiector Switches - Cooilot's Comm

Transmitter Selector Lights - Pilot's

Transmitter Selector Lights - Copilot's

UHF Direction Finding Switches

FM Direction Finding Switches

Manual Squelch Controls

HF Mode Selector

Receive/Audio Selector Switches - Pilot's Nav

Receive/Audio Selector Switches - Conilot's Nav

Active Navigation Waypoint Control/Dispiay Window - Pilot's HSI

Active Navigation Waypoint Control/Display 'lindow - Single-Bar RMI Needles
Active Navigation Naypoint Control/Display Window - Copilot's HSI

Active Navigation Waypoint Control/Display Window - Double-Bar RMI Needles
Standby Navigation Waypoint Control/Display Window - Pilot's HSI

Standby Navigation Waypoint Control/Display Window - Single-Bar RMI Neadles
Standby Navigation Waypoint Control/Display Window - Coniiot's HSI

Standby Navigation Waypoint Control/Display Window - Double-Bar RMI Needles
Svstem Power Switch

Manual/Keyboard Selector Switch
Energency Function Switch

Left Outer Manual Tuning Knob
Left Inner Manual Tuning Knob
Right Outer Manual Tuning Knob
Right Inner Manual Tuning Knob
Transmitter Selector

Master Volume Control
Interphone Receiver Control
Guard Receiver Control

Marker Beacon Control

Hot Mike Control

Electric-Eye Automatic Light Control

18
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B. Detailed Desnription

1. Communications Radio Display Panel. The function and opera-
tion ot the COMN radio panel are described below. Numbers in parentheses
are in reference to Figure 13,

a. Active Communicat: on Control/Display Windows (#1). The
active COMM control/display windows show the active fraquency tuned in
each comunication radio. They also provide a means to synchronize the
RNAV COU or manual tuning knobs with the active radios. Each contrcl/
display consists of a transparent alternate action, push-button switch
with integral frequency readout. Depressing the switch synchronizes the
respective radio with the left dual concentric tuning knobs for VHF fre-
quency entry and both pairs of knobs for all other frequency entry. If
a suitable frequency is entered on the RNAV CDU scratch pad, depressiorn
of an appropriate active window will cause the frequency to be transferred
from the RNAV scratch pad to that window and the R/T unit to be tuned to
that frequency. (The scratch nad is a portion of the CRT where alpha-
rumeric messages are typed and viewed before entry into the system.) The
switch remains depressed until it is nressed again or until some other
COMM or NAV window is depressed. The window switch has two positions;
full out for "off", and fully depressed for synchrornization with the
manual knobs and/or for pick up of data from the CDU scratch pad. The
central computer or microprocessors will prevent entering incompatible
frequencies (i.e., a UHF frequency into a VHF window) when tuning with the
manual tuning knobs. Software logic will prevent transfer of invalid
data such as altitudes, waypoints, or inappropriate freqiencies from
the CDU scratch pad to the frequency window.

Internal Tighting in the switch will activate when the
switch is in the full depress position to annunciate which frequency
window is in use. For night operation the light will have slightly
increased brightness over ambient system lighting.

b. Standby Communication Control/Display Windows (#2).
The standby communication control/display windows are similar to the
active COMM control/display windows as previously discussed except
that they do not control the R/T unit; that is, tune the active radio.
Their use is to preset and store frequencies for subsequent use. Trans-
fer from standby to active windows and vice versa is accomplished with
the COMM Active/Standby Transfer Switch (#3), discussed below.

c. COMM Active/Standby Transfer Switches (#3). The active/
standby transfer function 1s accomplished by spring Toaded, momentary
action, press-to-activate switches located between the active and standby
frequency windows. The switch height oxtends slightly above the fre-
quency select windows to prevent erroneous inputs. The frequencies are
simultaneously transferred between the active and standby windows each
time the switch is depressed (i.e., the preset frequency transfers to
the active window and retunes the R/T unit and the active frequency
transfers to the standby window,.

19

i A R | R I I i Skt o T PO SO s




g LT T g

d. Receive/Audio Selector Switches (#4 and #5). Frequency
monitoring and volume control functions are provided by these push-pull-
turn audio selector switches located adjacent to the frequency windows.
The pilot's controls (#4) are on the left. The copilot's controls (#5)
are on the right. As many different radios as desired may be monitored
by pulling the individual selectors. Volume of each is adjustable by
turning the switch,

e. Transmitter Selector Lights (#6 and #7). Small lights
f1luminate to correspond to the active transmitter selected on the pilot's
and copilot's transmitter selector (#29). For example: If the pilot has
HF #2 selected as shown, the light (#6) near the HF #2 frequency window
will be illuminated. Similarly, the 1ight (#7) near the UHF # frequency
window on the copilot's side will be illuminated since UHF #1 is selected
on the copilot's transmitter control.

f. Electric-Eye Automatic Light Control (#35). The electric-
eye automatically adjusts the 1ight intensity of the digital readouts in
the active and standby frequency windows as a function of the ambient
1ight condition.

2. Dedicated Function Panel. The function and operation of the
dedicated function panel are presented below.

a. UMF and FM Direction Finding Switches (#8 and #9). The
UHF (#8) and FM (#9) DF switches are alternate action push switches which
connect, the appropriate radio to the RMI. UHF #1 (if on and operational,
otherwise UHF #2) is connected to the single-bar needle on pilot's and
copilot's RMIs. FM is connected to the double-bar needle on both RMIs.
Either switch, after being depressed, stays in the engaged position while
in use. To discontinue the DF function, the appropriate DF switch is
depressed a second time. When a DF switch is engaged, the internal light
in the switch illuminates signifying that the DF function is engaged.

b. Manual Squelch Control (#10). This function consists
of two controls; a spring-loaded, momentary action, manual squelch con-
trol switch and a rotary squelch adjustment knob. Normally, squelch
for all radios is automatically preset and controlled in the set.
However, when necessary to manually squelch a particular radio, the
radio is identified by depressing the active frequency window (#1) for
that radio. The manual squelch control switch is then depressed and
the squelch adjusted with the rotary adjustment knob. These two con-
trols are arranged so that they can be easily operated with one hand.

c. HF Mode Selector (#11). The HF mode selector controls
provide the means for selecting upper side band (USB), lower side band
(LSB), or amplitude modulation (AM) for the HF #1 and HF #2 radio. The
switches are three-position rotary selectors.
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3. Transmitter Selector Panel. The function and operation of
the transmitter selector panel are presented below.

a. Transmitter Selector (#29). The position of this rotary
selector knob determines which receiver/transmitter is available to that
respective crew member for communicating. The respective pilot can both
transmit and receive on the radio selected. Fer example: With UHF #1
selected the pilot receives UHF #1 transmissions regardless of the posi-
tion of his receive switch (#4) and can transmit on that frequency if
desired. The transmitter selector switch has provisions for selecting
UHF #1, UKF #2, Guard, HF #1, HF #2, VHF/AM, VHF/FM, Public Address (PA),
Interphone, Call and a position for growth. The switch is spring loaded
from the "call" position to the "interphone" position.

-
:
3
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b. Master Volume Control (#30). Volume can be adjusted for
all receivers simultaneously by the master volume control. Additionally,
, of course, individual radio volumes may be controlled by the receive/audio
3 selector switches (#4 and #5) adjacent to the frequency select windows
] as described in paragraph 1d. Relative volume between individual receive/
audio selectors is naintained as the overall volume is increased or
decreased with the master volume control.

bl s 4

c. Marker Beacon Audio Control (#33). The marker beacon
audio signal can be monitored by pulling this push-pull-turn switch.
Audio volume can be adjusted by turning the switch.

s 2 Ty A I R e N = o ™ N
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d. Interphone Receiver Control (#31). Aircraft interphone
conversations can be monitored by pulling this push-pull-turn switch.
Volume can be adjusted by turning the switch.

PR
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e. Guard Receiver Control (#32). The UHF emergency fre-
quency (243.0 KH;) can be monitored by pulling this push-pull-turn switch.
Volume can be adjusted by turning the switch. The guard receiver on the
#1 UHF R/T unit provides the signal unless that unit is turned off or
inoperative, in which case the #2 UHF R/T unit provides the signal.

f. Hot Mike Control (#34). The hot mike transmitter and
receiver function for aircraft interphone can be selected by pulling this
push-pull switch.

4. Tuning Panel. The function and operation of the tuning panel
are presented in this section.

A0 e G OB 1% ) WS DG G -1 TRl S e

a, System Power Swyitch (#22). The spring loaded, momentary
action, press-to-active, power switch is used to power up or shut down
individual receiver/transmitter units. Whatever radio has been selected
Ly depressing its active COMM control/display window (#1) can be alter-
nately turned on or off by pushing the system power switch (#22). ;

A L o

Electrical power for the overall communications and naviga- ¢
ticn system is provided by a radio and instrument master power switch

21
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(not part of the integrated COMM-NAV system) located in an appropriate
place in the cockpit. When power {s applied to the overall system prior
to flight, the individual radfos return to the same configuration (either

on or off, frequency tuned) as when master power was removed after the
previous flight,

A radio which has been turned off has a blank frequency dis-
play window as shown in the UHF #2 display tn Figure 13, A radio which
f~ on but malfunctioning has a series of 8s displayed in the window as
shown in the HF #2 display window in Figure 13.

keyboard selector switch fs a two position minfature toggqle switch used
to select the means of entering frequencies (1.e., by manual dual con-
centric tuning knobs or the RNAV COU keyboard)., Routing of ontry data
through this switch prevents spurious data from the RNAV COU scerateh pad

from betng entered into the frequency or waypoint readouts when simul-

b. Mpnua]{ﬁgqugrd Selector Switch (#23). The manual/
|

tancous RNAV kevboard and manual tuning knob functions are being perforned,

oo bmergency bunction Switch (£24)0 The two position,
alternate action, 1iqﬁtnd. push, emergency function switch is used to
call ap emergency data for insertion into the COMM standby windows and
NAV standby windows. Depressing this switch (which vemains in until
depressed again) stores prosent data from the standby windows in memory
and substitutes appropriate emergency data,  Tmergency data includes:

UHEE COMM froquency SAR000 ME;
VHE COMM froquency 11,50 MU

HE COMM froguency Red KN,

IM COMM Mrequency 41.0 My,

PHST wavpoint as specitied?
Singloe-bar needle wavpoint as specifiod?
CHST waypoint as specifiod®
Double-bar needle waypoint an spegfficd?

Aspecitication of variable emergency data will be
on an "tmergency Data® page of the RNAV CDUL Data
will be preset as required,

To use omergeney data, the pitot will transfor (by Jdepres-
sing the act fve/standby transter switeh) the desived data element rom
the «tandby windew to the active window, Deactivatfon of the cmergency
switch by depressing and veleasing 1t to the out /o0 position, removes
unused emergency data from the standby windows and returns the data pre-
viously stored in memory.,  Deactfvation of {he emergency switeh will not

affect omergency data transforred to the active control display windows
for use,

d. o Manual taring Knobs (#00 #70, €57, #08) A pate of
dual concentric manual tuning knobs iv provided for those tnstances when

it is advantageous to tune frequencicos with khobs instead ot a digital
koeyvboard,

:
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9 i The knobs are shared for data entry to all radios. Syn-
i 5 chronization of the knobs with the frequency readouts occur each tim:
E - a frequency control display window (#1 or #2) is depressed. Knob turn
riate ratio and digit allocation for each radio is controlled by the
central navigation computer or microprocessors.

3 NOTE: To make the description as easily understood as

« possible, an abbreviation for each knob is used rather than continual
reference to its number in Figure 13. The abbreviations are: #25 -
Left Outer (LO), #26 - Left Inner (LI), #27 - Right Outer (RO), #28 -
Right Inner (RIl).

: Digit allocation for knob control cf communication radios

is shown in Figure 14. VHF COMM frequencies (A, Figure i4) are tuned
by the left-hand set of knobs. The outer knob contrc's the frequency
component left of the decimal; the inner knob control- the component
to the right.

UHF frequencies (B, Figure 14) are tuned in a similar
manner, except that both preset UHF channel tuning and five-digit fre-
quency tuning are available. Selection of a five-digit UHF frequency
;- requires use of both pairs of tuning knobs as shown ?LO, LI and RO).

2 The Rl knob alternately selects preset UHF channel or five-digit fre-
quency function. If a UHF channel is displayed, rotation of the RI knob
. will call/display the equivalent five-digit frequency or vice versa.

] For example: When rotated the display might alternately read 289.6, 4
3 12---, 289.6, 12---. A series of dashes will be displayed if no channel §
corresponds to the frequency.* For example: When the RI is rotated the 3
dispiay might alternately read 279.0,----- s 279.0, --~=- . Channel selec-

tion is then accomplished with the LT knob. Rotation of LI after selec-

tion cf a series of dashes will give the next higher or lower channel

as appropriate.

Ty T P

HF digit allocation requires all four knobs (C, Figure 14).
FM digit allocation requires three tuning knobs (D, Figure 14). Primary
data entry for navigation waypoints is accomplished through the RNAV
keyboard since the navigaticn computer has the capability to use data
from all sensors, as well as information stored in memory. Backup con-
trol of navigation radios is accomplished through the tuning kncbs. When
the manual tuning knobs are used, NAV frequencies are tuned in the same
manner as COMM frequencias. Selection of a frequency into the active
windows with the manual tuning knobs directly controls the navigation
radios and displays the result on the selected flight instrument (HSI
or RMI). The relationship of the navigation radios with waypoint dis-
play readouts, when the manual tuning system is used, is described later
under "Numeric Station Identifiers".

i o St e e
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Digit allocation for manual tuning knob control of naviga- :
tion radios is shown in Figure 15 for VOR/ILS, TACAN, and ADF. The RI :
knob controls the mode*(receive, transmit and receive, and air-to-air) ;

* A conceptional requirement but not mechanized for simulation.
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COMMUNICATION RADIOS
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* A conceptional requirement but not mechanized for simulation.
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j Fig.14 Digital Allocation For Tuning Knobs
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for TACAN. For example: If TACAN channel 123 has been tuned with the
L0 and LI knobs, as the RI knob is turned the TACAN frequency window
alternately reads 123 (normal transmit and receive), 123 R (receive
only), 123AA (air-to-air), 123 (normal transmit and receive), etc. The
RI knob also controls the mode (normal, receive only, test) for ADF.*
For example: If ADF frequency 1290 has been tuned with the L0, LI and
RO knobs, as the RI knob is turned the ADF frequency window alternately
reads 1290 (normal), 1290R (receive), 12907 (test), 1290 (normal), etc.
The display readouts in Figure 15 show TACAN “"receive" mode (R) and ADF
"receive" mode (R) as an example. A sketch to depict TACAN and ADF mode
settings is shown in Figure 16.

A1 frequency changes start from the existing value in the
control display window each time a knob selection is made. 1f an alpha-
numeric waypoint is displayed, initial rotation of the knob will switch
the display to a mid-value frequency (113.00 MHz for VHF, channel 100 for
TACAN, 300 KHz for ADF). Knob selection can be made in either increasing
or decreasing frequency directions. Wrap-around (capability to tune from
9 through 0 to 1, or vice versa) is available in the event that the knob
is turned past an upper or iower 1limit frequency.

Although digit allocation varies between radios, it is not
apparent that memorization of the allocation by pilots will be needed.
In general, left to right and outer to inner operation of the knobs will
minimize tuning errors. This is due largely to the design which estab-
lishes that order as the most frequently required.

5. Navigation Control Panels. The function and general opera-

tion of the navigation control panel shown in Figure 13 are discussed
in this saction.

a. Navigation Waypoint Control/Display Windows (#14, 15, 16
17, 18, 19, 20, 21). The navigation waypoint control/display windows
show the current navigation fixes being used for the cockpit flight
instruments and provide the means to select new waypoints. The pilot's
HSI "active" control/display window (#14) shows the waypoint being used
as the reference for the pilot's HSI. The copilot's HSI "active" control/
display (#16) shows the waypoint being used as reference for the copilet's
HSI. The auxiliary windows (#15 and #17) identified with single-bar and
double-bar needles, show the waypoints being used as reference for the
respective pointers on both the pilot's and copilot's RMIs. This infor-
mation is necessary to establish cross fixes, approach fixes, and for
general navigation. The active windows (#14, 15, 16, 17) and standby
windows (#18, 19, 20, 21) are similar in function to the COMM control/
display windows discussed previously. Normal data entry to these win-
dows is via the RNAV CDU keyboard since most waypoints will be composed
of alphanumeric characters. The types of alphanumeric waypoint/station
designators permitted are shown below. "Numeric only" entry is also dis-
cussed.

* A conceptional requirement but not mechanized for simulation.
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(1) Three Character Alpha-Station Identifiers (Example:
Dayton VOR - "DAY" - shown in #19). This type of entry establishes a
waypoint at the location of a radio facility for navigational use. Navi-
gation is possible even if the facility is off the air as long as the
RNAV system has other means available for position fixing. Station ele-
vations, latitude, longitude, identifiers and other data are stored in
memory as required. This type of entry can be used for ILS and MLS, as
well as standard waypoints. Use of an alpha-identifier for an ILS (such
as IFFO shown in window #14) will give an RNAV computed optimal estimate
of the ILS path. All available means such as inertial smoothing, DME
multilateration, etc. will be used. Selection of identifiers, such as
MFFO, can be used to select MLS with optimal estimation.*

(2) Four Character Alpha-Waypoint ldentifiers (Example:
“NILE " intersection shown in window #20). Four alpha-character desig-
nators, as found on enroute charts and approach plates, are used. Entry
is made thrcugh the CDU keyboard. A1l bearing and distance calculations

are made via the RNAV system, Waypoint data is retrieved from memory as
required to define the waypoint.

(3) Alphanumeric Waypoint Codes (Example: “3NI inter-
section shown in window #16). Three character identifiers, used in air
traffic control flight plan management, may be substituted for full way-
point name. Keyboard entry, instrument display, and relative position
computations are the same as for five character alpha-waypoint identifiers.

(4) Latitude/Longitude Waypoint Codes (Example: "LLO3"
shown in window #21). Latitude/Tongitude waypoints are defined as a
standard function of the RNAV system. Full latitude, longitude position
coordinates are named with waypoint identifiers (LLO1, LLO2, ..., LL99)
in the navigation management system. These identifiers can be inserted

into the nav control/display windows to be used as reference for the
navigation flight instruments.

(5) Bearing-Distance or Bearing-Bearing Codes (Example:
"BDO1" shown in #17). Bearing-distance and bearing-bearing waypoints are
similar to latitude/longitude waypoints discussed above, except for the
means of definition. In the RNAV system, these waypoints are specified
as a bearing and distance from a computer recognized waypoint or as the
intersection of bearings from two computer recognized waypoints. B8DO1,
Bboz, ..., BD99, or BBOl, BBO2, ..., BB99 may be used as waypoint names.

Navigation guidance is automatically provided to the
waypoint identified in the active PHSI and CHSI windows (#14 and #16)
through those respective HSIs. The waypoints identified in the active
windows designated as single-bar or double-bar (#15 and #17) provide
bearing information on these pointers to both the pilot's and copilot's
RMIs. Repeater displays located adjacent to the HSIs and RMIs identify
which waypoint is being used to provide the bearing information, and
the distance and time at the present groundspeed, to that waypoint.

* A conceptional requirement but not mechanized for simulation.
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(6) Numeric Station Identifiers (Example: “114,5"
shown in window #15). Numeric station entry for VOR, TACAN, or ADF is
used when information is desired from a specific navigation aid rather
; than the RNAV system or when the RNAV computer is inoperative. Numeric
frequency selection connects the flight instrument and display window
directly to an appropriate radio receiver. When digital navigation
frequencies are selected by the CDU or tuning knobs, the most recent
station or stations selected are used (equal to the number of receivers
available). For example: If four digital VOR frequencies are inserted
into each of the active NAV windows and only two VOR receivers are avail-
able, the last two frequencies input will directly control the VOR recei-
vers., The first two frequencies input will revert back to VOR waypoints
computed by the RNAV. When this tuning feature is used, the selected
radio receivers cease to be automatically controlled by the RNAV. The
RNAV system can use the resultant data, if unambiguous, but primary
position fixing must be accomplished with the remaining sensors.

I
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A TR 71T

When numeric station entries are made with the RNAV CDU
1 keyboard, any station can be called up on each flight instrument and
control/display window. When numeric entries are made with the manual
tuning knobs, only selected combinations are available, based on the

3 complement of sensors. The allocation used during TAWS for control of

E sensors when knobs were used is shown below.

; Navigation Radio Control Allocation (Using Manual
3 Tuning Knobs)

3 Control/Display Window Radios_Tuned

3 PHST #1 VHF NAV {(unless inoper-
3 ative, then #2 VHF NAV)

: Single-Bar Needle ADF

3 CHSI TACAN

3 Double-Bar Needle #2 VHF NAV

These allocations make possible direct control of radio

navigation sensors through manual tuning knobs. This feature may be

:ed at any time for simple navigation problems or when full RNAV utili-
zation is not possible or desired. Whenever directly tuning the sensors
by either RNAV CDU keyboard or manual tuning knob control, the station
must be identified by audio code and approximate position prior to being
used. If both VOR/ILS R/T units are operational, VOR #1 will provide
information to the pilot's HSI and VOR#2 will provide information to
the double-bar needles on the RMIs. In the event that one R/T unit is
inoperative, the operable unit will provide information to either the
pilot's HSI or to thc double-bar needles on the RMIs with the pilot's
HSI taking priority.

The control/display frequency readouts are also used
to show mode selection for ADF and TACAN. Mode readouts and their sig-
nificance for ADF and TACAN are shown in Figure 16. Mode control is
accomplished through use of the RI knob as shown in Figure 15. *

* A conceptional requirement but not mechanized for simulation.
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* A conceptional requirement but not mechanized for simulation,
Fig. 16 Mode Roadouts
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! b. Receive/Audio Selector Switches (#12 and #13). These

: push-pull-turn switches function s1m11ar1y to the receive/audio selector
E switches on the communications panel (#4 and #5); i.e., puil to monitor

b the audio signal and turn to control volume. When an individual navi-
gation radio is tuned by selecting the numerical frequency (as shown in

i+ #15, "114.5"), the Morse code or voice identifier may be monitored. How-
: ever, during normal operation of the RNAV system, audio identifiers are

B not broadcast for waypoints in memory. Tharefore, no audio identification
can be heard for a waypoint managed by the navigation management system,

3 c. NAV Act1ve/§tandby Transfer Switches (#3). ‘These spring
‘. loaded. mementary action, press-to-activate switches function in the navi-
gation system exactly as in the communicationssystem previously described.

s

T

i S

|
!
|

30

W), 5. Governmant Printing Office: 1979 — 657-002/176

N o AT B 8 A N

s ‘—.i PR TR PRV TE s o
- N o ebada o o Sea g ‘-"‘Wmﬁ.wm M““WM‘*‘““
x‘ L ““""ﬁ-ﬂ""‘ S T R SRR




